A review of the symmetry of proteins has revealed that in many cases the metric symmetry exceeds the reported crystal symmetry. Regardless of the reason, this observation has important implications for experimental protein crystallography. Standard laboratory procedure should always include a direct determination of the lattice metric symmetry. With full knowledge of the highest possible symmetry, the experimentalist is then able to determine in a logical and accurate manner the Laue group and the space group. For those proteins in which it has been proved that the metric symmetry exceeds the crystal symmetry, the protein crystallographer must proceed with caution (e.g. in relating multiple sets of data, positional parameters etc. on the same or related crystals), because a given lattice will have metrically similar unit cells that are not symmetrically equivalent.
Introduction
A variety of crystallographic problems have been reported (Br/indrn & Jones, 1990) as they relate to protein crystallography. We feel, however, that some problems relating to the determination of protein metric and crystal symmetry remain unresolved. As part of our review of the crystal symmetry in crystalline materials, we have analyzed the metric symmetry* of the proteins in the NIST/CARB Biological Macromolecule Crystallization Database (1990) and in the Brookhaven Protein Data Bank (April 1990 release) (Bernstein et al., 1977) . Using converse-transformation theory (Himes & Mighell, 1987; Karen & Mighell, 1991a, b) and reduction techniques (Mighell & Rodgers, 1980) , our analyses have revealed that it is * Metric symmetry = the symmetry of a lattice as defined by any arbitrary primitive triplet of noncoplanar translations (a triplet is called primitive when it defines a primitive cell). not uncommon in these macromolecules for the metric symmetry to exceed the reported crystal symmetry.
Of particular note are proteins reported in the monoclinic space group P21 (No. 4) . In a number of these cases, the metric symmetry is orthorhombic and the lattice can be defined by a C-centered orthorhombic cell (Table 1 ). In analyses of cells for those proteins with the space group P21 in the Brookhaven Protein Data Bank, we have observed the occurrence of this phenomenon in more than 18% of the entries. Further, in analyses of protein cells in the current literature we have also observed this situation to be prevalent.
Origin and solution of the problem
Potential explanations for the above observation include:
(a) incorrect determination of the crystal system and Laue symmetry with subsequent refinement in a space group of too low symmetry;
(b) the overall gross shape of the molecule being more symmetrical than the internal symmetry as specified by positional parameters or some other factor associated with the shape of the molecule and the packing.
Regardless of the reasons for the observation, our results have important implications for experimental protein crystallography. Standard laboratory procedures should be modified always to include a direct determination of metric symmetry as soon as any unit cell defining the lattice has been determined. Using converse-transformation analysis and NIST, LAT-TICE (Karen & Mighell, 1991a, b) , the experimentalist can immediately determine symmetry matrices and the highest possible crystal symmetry. With this knowledge, one is then able to determine in a logical and accurate manner the Laue group (Himes & Mighell, 1987) and the space group. 0021-8898/93//010068-03506.00 © 1993 International Union of Crystallography :~ Cell 1 = primitive monoclinic initial cell. § Cell 2 = C-centered orthorhombic transformed cell (angles not given, maximum deviation from 90 ° = 0.05 ° for examples 1-3 and 0.73 ° for examples 4-6.
¶ Number of symmetry matrices (Himes & Mighell, 1987) . ** Kuriyan et al. (1990) . tf Smith, Ford, Harrison, Yariv & Kalb (1989) . Veerapandian, Cooper, Sali & Blundell (1990) .
For those proteins in which it has been proved that the metric symmetry exceeds the crystal symmetry, the experimentalist must proceed with caution because a given lattice will have metrically similar unit cells that are not symmetrically equivalent [i.e. not equivalent with respect to such crystallographic items as x, y and z positional parameters (Karen & Mighell, 1993) ]. When working with sets of data collected from different crystals of a given protein of this type, the crystallographer must take every precaution to use symmetrically equivalent reference systems. To avoid errors, such care is critical in the following situations:
(a) when comparing intensities taken on the same protein but by different experimentalists;
(b) when collecting and combining data from different crystals of the same protein or from isomorphous derivatives;
(c) when measuring data on the same protein with different techniques (e.g. neutron and X-ray diffraction).
In each of the above cases, the same cell parameters within experimental error are a necessary but not a sufficient condition for selection of symmetrically equivalent reference systems.
Program availability
A program for lattice analysis (N/ST, LATTICE; Karen & Mighell, 1991a) has been written and is available to the scientific community. This program is multifunctional and allows one to establish many types of interlattice and intralattice relationships. For example, the program can be routinely used in the laboratory to determine symmetry, to relate two lattices, to calculate reduced cells, to calculate
